Previous studies have investigated the viability of a go/ no-go discrimination procedure (pREP) for generating stimulus equivalence. During pREP training, participants receive positive feedback for pressing a bar after the successive presentation of two same-class stimuli and for not pressing after the presentation of two different-class stimuli. During pREP testing , the procedures are the same but without feedback. The results of that research consistently indicated that pREP training (Ai-+Bi-+press, AiBj-+no press, Bi-+Ci-+press, Bi-+Cj-+no press) produces pREP symmetry (e.g., Bi-+Ai-+press, Bi-+Aj-+no press) but not pREP equivalence (Ci-+Ai-+press, Ci-+Aj-+no press) unless equivalence had already been demonstrated with match-to-sample (MTS), or the pREP was converted into a MTS task with the stimulus pairs as samples and the words SAME and DIFFERENT as comparisons. The present study examined if the efficacy of the pREP could be improved while leaving the go/no-go structure intact. The study consists of six experiments. The results indicated that the pREP had one, possibly two weaknesses. First, during testing, it permitted nondifferential responding . Second, during training, the contingencies permitted class ambiguity, that is, class formation based on pressing (Ai-Bi-Ci) or on not pressing (Ai-Bj-Ci). When measures were taken to discourage nondifferential responding (instruction to press on 50% of the trials, using a simple-to-complex test protocol) and to reduce ambiguity (feedback for pressing only), the pREP not only produced equivalence but also equivalence reversal in (almost) all participants.
and two comparisons (e.g., B1 and B2). During training, participants receive positive feedback (e.g., GOOD) when choosing the comparison of the designated same class as the sample (A 1-B1, A2-B2) and negative feedback (WRONG) when choosing the different-class comparison (A 1-B2, A2-B1). Numerous studies on stimulus equivalence have shown that, following the training of these and similar B-C relations, verbal humans readily match, without further training, all same-class stimuli irrespective of whether they are used as samples or as comparisons: B 1-A 1, B2-A2, C1-B1, C2-B2 (symmetry), A 1-C1, A2-C2 (transitivity), and C1-A 1, C2-A2 (combined symmetry and transitivity) (Sidman, 1994 (Sidman, , 2000 . Similar results have been obtained through other procedures including the training of identity matching tasks (Smeets, Schenk, & Barnes, 1995) , simultaneous simple discriminations Smeets, Barnes, Schenk, & Darcheville, 1996) , or simply allowing the participants to view pairs of successively presented same-class stimuli (Leader, Barnes, & Smeets, 1996; Smeets, Leader, & Barnes, 1997) . These findings are in support of Sidman's position (1994, p. 384 ) that "An equivalence relation is made up of pairs of events, with no restriction on the nature of the events that make up the pairs."
However, not all procedures are equally effective in producing equivalence. One method with a very weak equivalence-generating effect is the precursor to the relational evaluation procedure (pREP) (Cullinan, Barnes, & Smeets, 1998; Cullinan, Barnes-Holmes, & Smeets, 2000 . This procedure was developed as part of a research program to expand the methodology for analyzing human language and cognition within the framework of relational frame theory (Hayes, Barnes-Holmes, & Roche, 2001 ). In Cullinan's studies, a pREP trial consisted of two successively presented stimuli with a go/no-go requirement. During pREP training, the participants received positive feedback for pressing the space bar of the computer when given a pair of designated sameclass stimuli (e.g., A1-+B1, B1-+C1) and for not pressing that bar when given a pair of different-class stimuli (e.g., A 1-+B2, B2-+C1). All other stimulus-response relations (e.g., A 1-+B1-+no press, A 1-+B2-+press) were followed by negative feedback. The pREP was also used to test for the emergence of symmetry (e.g., B1-+A1-+press, B1-+C2-+no press) and equivalence (e.g., C1-+A1-+press, C2-+A1-+no press). The Cullinan et al. (1998) study consisted of four conditions, two in which the baseline tasks were trained with the pREP (Conditions 1 and 2), and two in which these relations were trained with MTS (Conditions 3 and 4). Symmetry and equivalence were tested with the pREP and with MTS, the pREP before the MTS in Conditions 1 and 3, and after MTS in Conditions 2 and 4. The results of this and the following two studies consistently showed that most participants evidenced pREP symmetry but not pREP equivalence unless (a) the baseline relations were trained with MTS (Cullinan et aI., 1998 (Cullinan et aI., , 2000 , or (b) the pREP task was converted into a MTS task in which the stimulus pairs served as samples and two stimuli as comparisons (see also, Carpentier, Smeets, & Sarnes-Holmes, 2000; Markham & Dougher, 1993; Perez-Gonzalez, 1994) , and only when these comparisons were the words "Same" and "Different" (e.g. , A1 ..... S1 ..... SAME, A1 ..... S2 ..... DIFFERENT) (Cullinan et aI., 2001) . These findings led to the conclusion that the (standard) MTS contains features with preexperimentally established discriminative properties for responding in accordance with the relations of same and different (Sarnes, 1994; Sarnes-Holmes & Sarnes-Holmes, 2000; Hayes, 1991) and that the pREP, lacking these features, leads to the formation of nonseparable compounds (Cullinan et aI., 2000; Wulfert, Dougher, & Greenway, 1991) .
On balance, however, the weak equivalence-generating properties of the pREP could be related to unexplored features of the training and testing procedures. For example, the negative pREP findings could be related to the training and testing protocols that were used. Cullinan et al. (1998 Cullinan et al. ( , 2000 Cullinan et al. ( , 2001 always used a linear training protocol (A ..... S, S ..... C) and tested symmetry and equivalence simultaneously (complex protocol). Previous research has shown that MTS produces equivalence (C-A) more readily when (a) the baseline tasks are trained with a manyto-one (A-S, C-S) or one-to-many (S-A, S-C) protocol than with a linear protocol and (b), symmetry is tested before equivalence (simple-tocomplex protocol) (Adams, Fields, & Verhave, 1993; Arntzen & Haith, 1997 , 2000 Fields et aI., 2000; Smeets et aI., 1997) . The pREP could be more sensitive to these protocols than MTS. In order to explore these possibilities, Smeets, van Wijngaarden, Sarnes-Holmes, and Cullinan (2004) initiated a study that started with a replication of Conditions 3 and 4 of the Cullinan et al. (1998) study. In contrast to Cullinan's reports, MTS did not produce pREP equivalence nor pREP symmetry unless the participants had (a) demonstrated these stimulus relations already with MTS, or (b) received pREP pretraining with unrelated tasks (e.g., X1 ..... Y1 ..... press, X1 ..... Y2 ..... no press) and symmetry was tested before equivalence. Thus, if the participants were made sufficiently familiar with the pREP procedure prior to the introduction of a pREP test and this test involved a simple-to-complex protocol, this procedure measured equivalence as effectively as MTS.
The present study was designed to assess if similar results would be obtained when the baseline tasks were trained with the pREP rather than with MTS. Experiment 1 was a replication of Conditions 1 and 2 of the initial Cullinan et al. (1998) study: pREP baseline training (A ..... S, S ..... C) followed by pREP and MTS tests, each with a complex protocol. The results were consistent with those reported by Cullinan et al. (1998) . Most participants evidenced pREP symmetry but not pREP equivalence unless these relations had already been demonstrated with MTS. Failures to demonstrate pREP equivalence were almost always associated with nondifferential responding (i.e., systematic pressing or not pressing). The following five experiments involved a number of modifications to improve the efficacy of the pREP while leaving the go/no-go structure intact. The results showed that when the participants were sufficiently discouraged from nondifferential responding (i.e., an instruction to press on 50% of the trials, simple-to-complex test protocol) , and feedback was delivered only after pressing, the pREP not only produced pREP equivalence reliably but also equivalence reversal.
Experiment 1
This experiment was a modified replication of Cullinan et al. (1998) study (Conditions 1 and 2) . These modifications involved a stepwise training of the baseline tasks (no simultaneous training) and a restricted number of test presentations (no stability criterion).
Method Participants
Eight adults, one male and seven female, participated. Their ages ranged from 20 to 26 years. The participants were recruited through personal contacts, had no previous experience with stimulus equivalence research, and were randomly assigned to one of two conditions, four participants per condition.
Apparatus and Setting
All participants were trained and tested in a room free of distractions. The stimuli were the nonsense syllables ZID, JOM , TYV, CUG, BEH, and XAD and will be represented here by the alphanumerics A1, B1, C1 , A2, B2, and C2, respectively. The stimuli were presented on a computer screen and participants responded by pressing various marked keys on the keyboard. Training and testing trials were presented in blocks. After each trial block, the partiCipants received a short break outside the room while the experimenter checked the results. Sessions lasted from 75 to 180 min . Six participants completed the experiment in one session, two participants required two sessions .
Procedure
General experimental sequence . The program started with the pREP training on a series of conditional discriminations: A-+B, B-+C. Then pREP and MTS tests were administered to assess the emergence of symmetry (B-+A, C-+B) and equivalence (C-+A). The pREP test was presented before the MTS test in Condition 1, and after the MTS test in Condition 2. Each test presentation was followed by a retraining of the baseline tasks.
pREP training. After the participant was seated in front of the computer monitor, the experimenter read the following instruction aloud:
In this part of the experiment, two nonsense syllables will appear on the screen , one after the other. Then there will be a 5-s pause. During that pause, you have to press the space bar, or not press that bar. Each time , you will see a message on the screen saying either, 'good' or 'wrong.' At the end, a message will appear asking you to call the experimenter. I will be waiting outside. Do you have any questions? 271 Questions were answered by the experimenter repeating the instruction, at which point she left the room.
The A-B relations were trained first. Blocks of 20 trials were used, 5 A 1--+B 1 trials randomly mixed with 5 A 1--+B2, 5 A2--+B 1, and 5 A2--+B2 trials. Each trial started with the presentation of a sample (e.g., A 1) at the screen center for 1 s. Then the screen cleared for 1 s, and either a positive or negative comparison was presented for 1 s. There was then a 5-s interval (blank screen) during which the participant was given the opportunity to press or not to press the space bar. Pressing the space bar resulted in the immediate termination of the interval and the appearance of feedback. If the participant did not press the bar, the feedback appeared at the end of the interval. Positive feedback consisted of a tone and GOOD on the screen (1 s), negative feedback of another tone and WRONG on the screen. All press and no-press responses were followed by feedback. Pressing when given two same-class stimuli (A 1--+B1, A2--+B2) and not pressing when given two different-class stimuli (A 1--+B2, A2--+B1) were registered correct and were followed by positive feedback. All other stimulus-response combinations (e .g., A 1--+B1--+no press, A2--+B1--+press) were registered incorrect and were followed by negative feedback. For a detailed overview of the contingences used in this and all subsequent experiments of this study, see Table 1 . Criterion was reached when a participant responded correctly on 18/20 trials with no more than one error on any specific stimulus pair (e.g ., A1--+B1) .
Participants who failed to demonstrate criterion performance within five No Press Positive blocks were excluded from further participation and replaced by a new participant. After the B-+C relations were also trained (same procedure), all tasks were trained together (mixed training) . The mix training involved blocks of 40 trials, 5 trials on each task, and continued until a participant responded correctly on at least 4 trials on each task. pREP test. Immediately before the test presentation, the experimenter read the following instruction aloud:
In this part of the experiment, two nonsense syllables will appear on the screen , one after the other. Then there will be a 5-s pause. During that pause , you have to press the space bar, or not press that bar. You will not get any right/wrong messages, so do whatever you think is right. At the end, a message will appear asking you to call the experimenter. I will be waiting outside. Do you have any questions?
The test consisted of 120 trials , 80 symmetry trials (B 1-+A 1, B1-+A2, B2-+A2, B2-+A 1, C1-+B1, C1-+B2, C2-+B2, C2-+B1) and 40 equivalence trials (C1-+A 1, C1-+A2, C2-+A2, C2-+A 1), 10 trials on each task. The procedures were the same as during training but without feedback. Criterion was reached if a participant responded correctly on eight or more trials on each task. If necessary, this test was repeated twice , each time followed by pREP retraining (see below).
MTS test. The experimental setting was the same as for the pREP test. The instructions for the MTS test were as follows:
In this part of the experiment, three nonsense syllables will appear on the screen, one at the top, and two at the bottom. Look at the syllable at the top and choose one of the syllables at the bottom. If you want to select the one on the left, press the Z key. If you want to select the one on the right, press the M key. You will not get right/wrong messages, so do whatever you think is right. At the end, a message will appear asking you to call the experimenter. I will be waiting outside. Do you have any questions?
The test consisted of 60 trials, 40 symmetry trials (B 1-A 1, B2-A2 , C 1-B1, C2-B2) randomly mixed with 20 equivalence trials (C1-A 1, C2-A2), 10 trials on each task. Each trial started with the presentation of a sample (e .g., B1) at the top of the screen, followed 1 s later by two comparisons (A 1 and A2) presented to the left and right of the sample near the bottom of the screen. The locations of the comparisons (left, right) varied unsystematically over trials. All stimuli remained on the screen until the Z or M key was pressed. No feedback was given. If necessary, the test was repeated two more times, each time followed by pREP retraining .
pREP retraining. The procedures were the same as during the pREP mix training (see above) except that blocks of 16 trials were used, 2 trials on each task. This train ing continued until a participant responded correctly on 15 trials.
Results and Discussion
The upper part of Table 2 shows the data for each participant in Experiment 1. The table shows the total number of trials to complete the pREP training, the number of pREP and MTS test presentations, and the results of the final presentation of each test in terms of "Pass" or "Fail." The results of the retraining are not shown because, with few exceptions, the participants always responded correctly. Two participants failed the baseline training and were replaced. The remaining 6 participants and the 2 newly selected participants successfully completed the training in 100 to 320 trials. The test data were consistent with those reported by Cullinan et al. (1998) . Most participants evidenced MTS symmetry and MTS equivalence irrespElctive of whether these tests were presented before or after the pREP tests. By contrast, most participants evidenced pREP symmetry but not pREP equivalence unless they had already demonstrated MTS equivalence before. Furthermore, and consistent with previously obtained findings (Smeets et aI., 2004 ), failures to demonstrate pREP symmetry and equivalence were associated with different response rates. Participant 4 failed the pREP symmetry and pREP equivalence tests. She pressed on 50% of the symmetry trials but pressed during all equivalence trials. The other 3 participants who failed the pREP equivalence test (1, 3, 8) never pressed during these trials. These findings indicated that one of the weaknesses of the pREP test is that, unlike the MTS test, it permits the participants to respond or not to respond to all comparisons. For example, when given the pREP test trials C1~A1 and C1~A2, the participants are permitted to press or not to press during both trials. During the corresponding MTS test trial with C1 as sample and A1 and A2 as comparisons (C1-A1/A2), the participants can select only one of the two comparisons.
Experiment 2
The purpose of this experiment was to determine if the efficacy of the pREP tests could be improved by discouraging the participants from nondifferential responding. To achieve this, the participants were instructed to press on 50% of the trials. Although our previous findings with this procedure were negative (Smeets et aI., 2004) , the effects thereof might be more positive after being trained with the same rather than with a different procedure (MTS).
Method
Participants were 3 males and 5 females between 19 and 31 years. The procedures were the same as in Experiment 1 except that the sentence, "To do well, you press half the time" was added to the pREP instructions (training and testing).
Results and Discussion
The results were very similar or worse than in Experiment 1 (see Table  2 , lower half). All 8 participants learned the pREP baseline tasks (80 -220 trials), evidenced MTS symmetry, and MTS equivalence for most of them, irrespective of whether these tests were presented before or after the pREP tests. Only half the participants evidenced pREP symmetry and none of them pREP equivalence unless these performances had already been tested with MTS. Furthermore, the response rates of the participants who failed the pREP tests were consistent with those in Experiment 1. Both participants (10, 12) who failed the pREP symmetry tests pressed at or very close to 50% of the trials. Of the 6 participants who failed the pREP equivalence tests, 3 systematically pressed (10, 14, 16), 1 pressed close to 50% of the trials (9), and 2 never pressed (11, 12). After the completion of the experiment, both participants who had passed the pREP equivalence test (13, 15) and 4 participants who had failed that test (9, 10, 12, 16) were asked if they could recall the instruction and, if so, whether they had tried to keep the proportion of presses at the 50% level. Two participants (10, 16) did not even mention the 50% requirement. The other 4 (9, 12, 13, 15) indicated that they had ignored the instruction because it was too cumbersome and interfered with their performance. Thus, apparently, the instruction did not affect the outcome of the pREP tests. Again, the MTS test performances were quite superior to those obtained with the pREP tests, not only for equivalence trials but also, albeit to a lesser degree, for symmetry trials.
Experiment 3
This experiment sought to determine if the pREP test performances could be improved by presenting the symmetry trials before the equivalence trials. In our previous study (Smeets et aI., 2004) , this simple-to-complex arrangement made the pREP tests as effective as the MTS tests, probably for the following two reasons. First, it allows the participants to easily assess if their overall rate of press responses approximated the target set by the instruction (50%). Even if the participant has forgotten the instruction or is inclined to systematically press or not to press, the fact that the equivalence trials are not interspersed among symmetry trials probably will discourage him or her from nondifferential responding. Second, studies involving MTS tasks have shown that equivalence responding can be facilitated by testing symmetry first (e.g., Adams et aI., 1993; Fields et aI., 2000; Smeets et aI., 199' 7) . In the previous study (Smeets et aI., 2004) , the baseline tasks were trained with MTS. Would the simple-to-complex test protocol have a similar facilitative effect when the baseline tasks were trained with the pREP?
Method
Paricipants were 2 males and 10 females between 19 and 54 years. The procedures were the same as in Experiment 2 except that symmetry (pREP: 80 trials; MTS: 40 trials) was tested before equivalence (pREP: 40 trials; MTS: 20 trials). Each test could be presented three times, each time followed by a pREP retraining .
Results and Discussion
The results are shown in Table 3 . All pal1icipants completed the baseline training in 80 to 220 trials. Of the 6 participants who received the pREP tests first, 5 (83%) responded in accordance with symmetry and 3 (50%) in accordance with equivalence. These proportions were only modestly higher than those in Experiments 1 and 2 (symmetry: 63%; equivalence: 13%). Of the 3 participants who failed the pREP equivalence tests, however, only 1 (19) responded nondifferentially (i.e., never pressed). This proportion (33%) was markedly lower than that in Experiments 1 and 2 (90%). Of the other 2 participants who failed, 1 (21) treated the C-+A task as a simple A discrimination (i.e., always pressed when given C1-+A2 and C2-+A2, and never pressed when given C1-+A 1, C2-+A 1), and 1 (22) always pressed when presented with different-class stimuli (C1-+A2, C2-+A 1) and never pressed when given same-class stimuli (C1-+A 1, C2-+A2). During the following MTS tests , all these 6 participants evidenced symmetry, 4 of them also equivalence (17, 18, 19, 20) . The performances of both participants who failed the MTS equivalence tests were consistent with those shown during the pREP equivalence tests. Participant 21 systematically selected comparison A2.
Participant 22 systematically matched different-class C and A stimuli. All participants who received the MTS tests first evidenced symmetry and equivalence not only with MTS but also with the pREP. In essence, the introduction of the simple-to-complex testing arrangement led to a drastic reduction of nondifferential responding but only to a modest increase of class-consistent C-+A performances. Were the negative pREP equivalence findings perhaps related to the use of the training protocol? Studies by Holth (1997, 2000) consistently showed that, when MTS is used, many-to-one (B-A, C-A) and one-to-many protocols (B-A, B-C) produce equivalence (C-A) more readily than linear protocols (A-B, B-C). Perhaps the pREP is more sensitive to the type of protocol than MTS. If so, would many-to-one pREP training produce pREP equivalence more effectively? Furthermore, the fact that 1 participant continued to respond nondifferentially suggested that the procedure for conveying the 50%-press instruction may have been inadequate. Wh ile the experimenter read the instruction, the participants may have attended to irrelevant features of the experimental setting. Could the efficacy of the instruction be increased by reversing the roles of the speaker and the listener, that is, by requiring the participants to read the instructions aloud to the experimenter? Such a procedure might encourage most readers to attend closely to the text while permitting him or her to read the material at his or her own pace. Both these issues, type of training protocol and type of instruction, were addressed in Experiment 4.
Experiment 4
This experiment sought to determine if pREP training produces pREP equivalence more effectively with a many-to-one than with a linear protocol and when the participants read the instructions aloud.
Method
Participants were 3 males and 5 females between 20 and 29 years. The participants were divided into two groups of 4 participants each, Group 1 (Participants 29 -32) and Group 2 (Participants 33 -36). Group 1 was trained with a many-to-one protocol (B-+A, C-+B) and Group 2 with a linear protocol (A-+B, B-+C). The procedures were the same as in Experiment 3 except that (a) only pREP tests were used, and (b) the instructional procedures were changed. Starting the first training session, the experimenter presented the participant a card with the following printed instruction and asked him or her to read aloud the text aloud:
In this part of the experiment, two nonsense syllables will appear on the screen, one after the other. Then there will be a 5-s pause. During that pause, you have to press the space bar (50% of the trials) or not press that bar (50% of the trials). Each time, you will see a message on the screen indicating whether your choice (pressing or not pressing) was right or wrong. At the end, a message will appear asking you to call the experimenter who will be waiting for you outside. Do you have any questions?
Then the experimenter placed the card next to the keyboard (the text remained visible to the participant) and left the room. During the first test presentation, the participants were required to read aloud the following text:
The procedures will be the same as before except that you don't get feedback anymore. Again, press on 50% of the trials. Do you have any questions?
Results and Discussion
The results are shown in Table 4 . All participants learned the baseline tasks in 100 to 320 trials. The test results were not affected by the training protocol. In each group, all 4 participants passed the symmetry test (100%) and 3 the equivalence test (75%). Of the 2 participants who failed the equivalence test, 1 (32) systematically pressed when given differentclass C-+A pairs and never pressed when given same-class C-+A pairs, and 1 (35) always pressed. After the completion of the experiment both these participants were asked to explain their performance. Participant 32 stated that during training he had learned that stimulus pairs associated with not pressing and positive feedback were correct (A 1-+B2, A2-+B 1, B 1-+C2, B2-+C1) and stimulus pairs associated with pressing and positive feedback were incorrect (A 1-+B1, A2-+B2, B1-+C1, B2-+C2). During the tests, he did the same and systematically pressed when given "incorrect" stimulus pairs and did not press when given "correct" stimulus pairs. During the symmetry test he pressed when given B1-+A1 and did not press when given B2-+A 1 because the stimulus pairs were the same as in baseline albeit with the elements in opposite temporal order (e.g., B 1-+A 1 rather than A 1-+B 1). During the equivalence test, he did not press when given C1-+A 1 because A 1-+B2-+no press and B2-+C1-+no press were both correct, and pressed when given C1-+A2 to indicate that this pair was not correct. His incorrect C-+A performances, therefore, were consistent with stimulus equivalence. This conclusion is supported by his additional comment that, had he known that pressing indicated correct, he would have shown C1-+A1-+press because of A1-+B1-+press, B1-+C1-+press, hence C1-+A 1-+press. Participant 35 also indicated that she had learned that the stimulus pairs associated with not pressing and positive feedback were correct. In contrast to Participant 32, however, she had concluded that all other stimulus combinations (C-+A) were incorrect. Therefore, she ignored the instruction and pressed during all these trials. In essence, the data clearly showed that, when participants are sufficiently discouraged from nondifferential responding during the tests (instruction to press on half the trials, measuring symmetry separate from equivalence), pREP is an effective procedure for generating and measuring stimulus equivalence, irrespective of the training protocol that is used. In the current experiment, pREP symmetry was seen in all 8 participants (100%) and equivalence in 6 (75%) if not 7 (88%) of them. These percentages are comparable to those obtained when the MTS was used for training and testing irrespective of the testing protocol, complex (Cullinan et aI., 1998 , Experiment 4, symmetry: 80%, equivalence: 80%; Smeets et aI., 2004, Experiments 1 -4, symmetry: 95%, equivalence: 80%) or simple-to-complex (Smeets et aI., 2004 , Experiment 5, symmetry: 83%, equivalence: 83%).
The verbal reports, however, suggested that the efficacy of pREP could be further improved by also modifying the training procedures. The current procedure of delivering positive feedback for pressing when given two same-class stimuli and for not pressing when given two differentclass stimuli permitted the emergence of two sets of stimulus classes, one based on pressing (A 1-+B 1-+C1, A2-+B2-+C2) and one based on not pressing (A 1-+B2-+C1, A2-+B1-+C2) (Cullinan et aI., 1998; Dube & Mcllvane, 1996) . Thus, which pair of classes will emerge is likely determined by the participant's preexperimental history, that is, whether he or she has learned to respond in the presence of "correct" stimuli and not to respond in the presence of "incorrect" stimuli, or vice versa. If this analysis is correct, the efficacy of the pREP training could be further improved by providing feedback only after pressing. This issue was addressed in Experiment 5.
Experiment 5
This experiment was an effort to reduce the ambiguity of the pREP training by providing feedback only after press responses (same as in MTS). Although our above analysis suggested this modification should have a positive effect, similar procedures used by Cullinan et al. (2000) had no effect. In Experiment 2 of that study, 4 adults received pREP training (A-+B, B-+C) in which feedback was provided only after press responses. Positive feedback was given after press responses designated as correct (e.g. , A1-+B1-+press) and negative feedback after press responses designated as incorrect (e.g., A 1-+B2-+press). All nopress responses were followed by no feedback. During the subsequent pREP tests, 3 participants evidenced symmetry, only 1 of whom also showed equivalence.
Method
Participants were 3 males and 3 females. Their ages ranged from 20 to 32 years. All participants received the same program as in Condition 2 of Experiment 4 (linear training protocol) except that only the press responses were followed by feedback (see Table 1 ). For example, when training the A-+B relations, the participants received positive feedback for pressing after A 1-+B 1 and A2-+B2 , negative feedback for pressing after A 1-+B2 and A2-+B1, and no feedback for not pressing when given any of these stimulus pairs.
Results and Discussion
All participants learned the baseline tasks (100 -340 trials) and demonstrated pREP symmetry and equivalence (see Table 4 ). Thus, feedback for press responses only, together with the simple-to-complex test protocol and the instruction to press on 50% of the trials, made pREP a perfect procedure for generating stimulus equivalence.
Unfortunately, it remains unclear why our current findings are that much different from those reported by Cullinan et al. (2000, Experiment 2) . One reason might be that Cullinan did not instruct her participants to press on 50% of the trials and that equivalence was tested with a complex rather than with a simple-to-complex protocol. Another possibility is that, in that particular experiment, Cullinan had selected participants who had difficulties deriving class-consistent relations in general. This explanation would be supported by the fact that all 3 participants who failed the pREP equivalence test in that study also failed the subsequent MTS equivalence test. Of course, this argument could also be used to explain our current positive findings . Perhaps, we had selected a biased group of participants capable of deriving equivalence relations in conditions where most individuals would fail. Therefore, it would be important to determine if these results could be replicated with other participants in the following and final experiment.
Experiment 6
This experiment sought to assess if the pREP also produces equivalence reversal. This term refers to the reallocation of stimuli across existing equivalence classes as a result of changed baseline relations (e.g. , establishing A1-B2-C2, A2-B1-C1 after first having established A1-B1-C1, A2-B2-C2). Establishing equivalence reversal may be considered the most stringent test for measuring the equivalence-generating effects of trained baseline relations. Previous studies have shown that, unless all baseline relations are reversed (Spradlin, Cotter, & Baxley, 1973 , Experiments 1 and 2; Wilson & Hayes, 1996) , the performances on the equivalence tests are difficult to predict. Some studies reported that equivalence is very difficult to reverse, far more so than symmetry (Pilgrim, Chambers, & Galizio, 1995; Pilgrim & Galizio, 1990 Roche, Barnes, & Smeets, 1997; Saunders, Saunders, Kirby, & Spradlin , 1988; Spradlin et aI., 1973, Experiment 3) . These findings led to the opinion that, once established, equivalence relations become independent of the trained relations from which they emerged (Pilgrim & Galizio , 1996) . Other studies reported equivalence reversal, not only in adults but also in children , and persons with mental retardation . This was achieved by switching the class-specific reinforcers (e.g., Dube & Mcllvane, 1995; Dube, Mcllvane, Maqui re, Mackay, & Stoddard, 1989) , by reversing the contingencies of nonspecific reinforcers (Garotti, De Souza, De Rose, Molina, & Gil, 2000; Saunders, Drake, & Spradlin, 1999; Smeets, Barnes-Holmes, Akpinar, & Barnes-Holmes, 2003) or by relating members of different classes with a same novel stimulus (Smeets & Barnes-Holmes, 2005) . So far, there have been no studies on equivalence reversal with pREP. Experiment 6 was designed to address the following two questions: Would pREP training again reliably produce pREP equivalence using the apparently effective procedures used in Experiment 5? If so, would pREP reversal training also reliably produce pREP equivalence reversal?
Method
Participants were 2 males and 8 females, between 18 and 29 years. All participants received the same baseline training and tests as in Experiment 5. Those who evidenced pREP equivalence, then received reversal training and equivalence was testE3d again. The reversal training was identical to the baseline training except that the participants now received positive feedback for pressing when given B 1-+C2 and B2-+C1, and negative feedback for pressing when given B 1-+C1 and B2-+C2 (see Table 1 ). The average duration to complete the experiment (including several breaks) was 4 hr. Although the participants were given the option to complete the experiment in multiple sessions, all preferred to finish it in one session.
Results and Discussion
All participants learned the initial baseline tasks (100 -200 trials) and responded according to symmetry and, except for Participant 52, equivalence (see Table 5 ). During the final presentation of the equivalence test, she pressed on exactly 50% of the trials on each C-+A stimulus pair (C1-+A 1, C1-+A2, C2-+A 1, C2-+A2). The remaining 9 participants successfully completed the reversal training (100 -220 trials). At that point Participant 51 decided to leave. All remaining 8 participants (43 -50) completed the experiment and demonstrated symmetry and equivalence, most of them during the first test presentation. These findings clearly demonstrated that our revised pREP procedure reliably produces pREP equivalence and equivalence reversal.
General Discussion
Present findings show that a few and easy-to-implement modifications were sufficient for making the pREP a highly effective equivalencegenerating procedure while keeping the go/no-go structure intact. These modifications involved the use of the simple-to-complex test protocol, instructions to press on half the trials, and delivering feedback after pressing only. Experiment 1 was a replication of the Cullinan et al. (1998) study (Conditions 1 and 2) . At first, the participants received pREP baseline training during which they received positive feedback for pressing when given two same-class stimuli and for not pressing when given two differentclass stimuli. Then they received pREP and MTS tests in both of which symmetry and equivalence were measured simultaneously (complex protocol). Most participants evidenced symmetry but not equivalence unless they had demonstrated MTS equivalence before. Because the pREP equivalence failures were associated with systematic pressing or not pressing, in the following experiments the procedures were designed to discourage the participants from nondifferential responding. Instructing the participants to press on half the trials (Experiment 2) had no effect. The introduction of the simple-to-complex test protocol (Experiment 3) led to a sharp reduction of nondifferential responding and a modest improvement Table 6 . Present findings strongly suggest that the weakness of the initially proposed pREP resulted from inadequate testing procedures and possibly from inadequate training procedures. During testing, the pREP permitted nondifferential responding. This response option can be seen as functionally similar to the default options (e.g ., "none," "can't answer") that have been used in some MTS equivalence studies and that frequently disrupt equivalence responding (e.g., Duarte, Eikeseth, Rosalez-Ruiz, & Baer, 1998; Innis, Lane, Miller, & Critchfield, 1998; Smeets, Dymond, & Barnes-Holmes, 2000) . In the Smeets, Dymond, et al. (2000) study, for example, participants were given sheets with baseline tasks (A-B, B-C), mixed with symmetry (B-A, C-B), and equivalence tasks (C-A). Some participants received these sheets with the instruction to skip "impossible to solve" tasks. Other participants received the same sheets but without the instruction. Most participants in the no-instruction condition completed all tasks and evidenced symmetry and equivalence. By contrast, most participants in the instruction condition responded to all baseline tasks but skipped most symmetry and equivalence tasks. The disruptive effect of a nondifferential response option may also help to explain why in another study by , training simple AB and AC discriminations (A1B1+/A1B2-, A2B2+/A2B1-, A1C1+/A1C2-, A2C2+/A2C1-) produced symmetry-(e.g., B1A1+/B1A2-, C2A2+/C2A1) and equivalence-consistent performances (C1 B,I +/C1 B2-, C2B2+/C2B1-) in all adult participants. This finding is quite remarkable given that the stimulus-response relations (e.g., A1 B1--.pointing, A1 B2--.no pointing) were very similar to those used in pREP (A 1--.B 1--.pressing, A 1-B2--.no pressing). Although one might argue that in that study, the participants had to respond to the comparisons rather than away from the stimulus display (press or not press a bar), a more critical difference may have been that the participants had no option but to respond in accordance or not in accordance with the designated equivalence classes. Thus, it would be interesting to determine if the pREP findings obtained in Experiments 1 through 3 of the current study would be much different from those with MTS tests with an added default option (e.g., not to respond within a 5-s interval).
Another possible shortcoming of the initially proposed pREP was that, during baseline training, feedback was delivered after pressing and after not pressing. This procedure permitted the emergence of two pairs rather than one pair of stimulus classes, one based on pressing (A1-B1-C1, A2-B2-C2) , and one on not pressing (A1-B2-C1, A2-B1-C2). Dube and Mcllvane (1996) and Cullinan et al. (1998) already pointed out this ambiguity, the verbal reports by 2 participants in Experiment 4 confirmed it, and the (near) perfect equivalence results in Experiments 5 and 6, obtained when giving feedback only after pressing (no ambiguity) , empirically supported it. This account, however conceptually convincing, should be viewed with caution. Unless this ambiguity was induced in only a few participants, this account fails to explain why, in Experiments 1 and 2 of the present study, pREP (ambiguity) produced MTS equivalence and why MTS (no ambiguity) did not produce pREP equivalence when, in the initial experiments of the Smeets et al. (2004) study, no measures were taken to discourage the participants from nondifferential responding. The implications of inadequate pREP testing procedures (permitting nondifferential responding) , therefore, seem more critical than those used during training (inducing ambiguity).
In conclusion, present find ings show that even wh ile leaving its go/no-go structure intact, pREP can be modified into a highly effective equivalence-generating procedure . This finding is important because if equivalence classes can only be produced or tested with MTS or variations thereof, this procedure would be a defining feature of stimulus equivalence , thereby severely restricting the utility of equivalence as a model for the emergence of complex human performances in a wide variety of training and testing conditions (Fields, Reeve, Valeras, Rosen , 
